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infundibulum. Conversely, right ventricular outflow obstruction resulting from pulmonary valve stenosis (previously aortic valve) is exceedingly rare (6) . Currently, there are only few reports on the timing of occurrence of pulmonary stenosis (PS) after arterial switch operation for transposition of the great arteries. We report our series of TGA with IVS who underwent ASO using the Lecompte maneuver (7) . We aimed to evaluate the onset and development of postoperative PS over time, to assess the outcome of reintervention and to identify risk factors for development of pulmonary artery stenosis and opportunities for improvement in surgical technique.
MetHODS
The Institutional Review Board approved the study and waived the need for patient consent. Patient population. We conducted a retrospective review of patients with TGA-IVS from the congenital heart surgery and pediatric cardiology databases. All data were regularly transmitted to our institution and missing data were obtained by recall of the referring cardiologist. Operative and hospital discharge data from January 1987 to December 2010 were available for 222 neonates who underwent arterial switch operation using Lecompte maneuver for TGA-IVS. The cardiology database was used for the retrospective collection of postdischarge information, and the last known contact was used for the final determination of status and the generation of Kaplan-Meier curves. Patients with incomplete followup and inadequate echocardiographic information were excluded. Adequate follow-up data and complete serial echocardiograms done at regular intervals were available for 174 children, and were reviewed for onset and incidence of postoperative PS either at the valvular, supravalvular or branch artery level. The right ventricular outflow tract (RVOT) was evaluated by pulsed wave and continuous wave Doppler echocardiography obtained from the parasternal long-or short-axis views. Mean pressure gradient was determined by Bernoulli's simplified equation. Pulmonary valve stenosis was considered present when pulmonary valve leaflets were seen to be doming and thickened and an echocardiographic mean pressure gradient of more than 25 mmHg across the valve was documented. The diameters of the neopulmonary valve annulus, main pulmonary artery (neo-mPA) at anastomotic sites as well as the diameters of the right and left branch pulmonary arteries (PA) were recorded. Supravalvular pulmonary artery stenosis was considered present when the region above the pulmonary valve sinuses was less than that of the pulmonary valve annulus, with or without the presence of branch PS. In children who developed neo-pulmonary stenosis, intervening serial echocardiograms were also reviewed. Peak systolic pressure gradients were assigned according to the categories given in Table 2 . Cardiac catheterization was indicated when echocardiography revealed peak pressure gradients of more than 40 mmHg or other abnormalities. Reinterventions, consisting of balloon angioplasties and stent placement and/or reoperations, were indicated when PS was severe and progressive. Balloon angioplasty was preferred in distal or peripheral branch stenosis, and reoperations in central or proximal stenoses or after unsuccessful balloon angioplasties. The severity and localization of supravalvular PS and frequency of reinterventions on the RVOT and the pulmonary arteries were recorded. Data analysis. All data were analyzed with the SPSS 16 standard. The ASO was performed with cardiopulmonary bypass without circulatory arrest using Lecompte's maneuver with removal of coronary artery buttons and patch replacement of the valve sinus where the coronary buttons were excised. To close the defects in the sinuses, a single generous autologous pericardial patch fashioned in a pantaloon-like shape was used in all except 6 patients, in whom individual pericardial patches were used. Table 2 and distribution over subsequent follow-up years is shown in Figure 1 . Concerning its location ( Figure  2 ), the obstruction occurred mostly at the main pulmonary trunk (28.1%), followed by the right pulmonary branch artery (24.3%). The pulmonary bifurcation, left pulmonary branch artery and infundibulum had a prevalence of 16.54%, 18.4% Figure 4a . Interventional balloon or stent implantation was performed without complications in 11 patients with supravalvular stenosis (main pulmonary artery, bifurcation, right and/or left pulmonary branches, mean pressure gradients of 65 mmHg). Post-interventional mean pressure gradients were reduced to a mean of 16 mmHg. In 10 patients severe restenosis occurred post-angioplasty -2 had repeat balloon angioplasty, 5 underwent patch enlargement of the involved areas and and 3 had involvement of the pulmonary valve, forwhich replacement with Contegra (Medtronic Inc, Minneapolis, MN) con- duit was done. In 10 patients, pulmonary stenosis was determined to have occurred at a mean of 9 months with mean pressure gradient across the valve of 25 mmHg. Over a mean of 3.4±1.8 years, mean pressure gradients increased to >50 mmHg. Hence, over a span of 5 years postoperatively, these patients (mean age 6.3±0.4 years) underwent patch enlargement of the area involved. Balloon angioplasty was performed in 2 patients who had already undergone patch enlargement of the stenosed areas.
The actual frequency trend of these interventions over time is shown in Figure 4b . Reoperations for PS were observed up to 10 years after the ASO in our population. Kaplan-Meier estimates of freedom from intervention were 68.6±8.7% at 1 year and 42.8.1±9.5% at 5, 10 and 15 years ( Figure  5 ). tients in whom two individual pericardial patches were used ( Table 4) .
Figure 4a -Site-related reinterventions performed during follow-up. The characters on the right show the specific site of reinterventions: B-Bifurcation, L-left pulmonary branch artery, M-main pulmonary artery, PVR-pulmonary valve replacement, R-right pulmonary branch artery, RVOT-right ventricu

DISCUSSIOn
The arterial switch operation in neonatal age has become the most accepted procedure for TGA owing to the theoretical advantages over the physiologic repair of Mustard or Senning and an acceptable mortality and morbidity (7, 8) . The most common complication is stenosis of the pulmonary arteries with a reported incidence of 7 to 40% (8, 9) . Pulmonary artery stenosis may be related to the technique of reconstruction of the proximal pulmonary arteries with a patch to fill the defects in the posterior wall where the coronary artery buttons were excised (3) or to the Lecompte's maneuver (7) itself. Pulmonary valve stenosis has been reported rarely in patients who have undergone either a single-stage (10) or a twostage (11) ASO. Staging with pulmonary artery banding has been noted as a risk factor for development of neopulmonary valve stenosis (11) in contrast with our findings. However, the incidence, risk factors, and early outcome after a single-stage ASO in neonates have not been described.
In our series, the preoperative examination did not show pulmonary valve dysplasia or stenosis, and direct inspection during surgery showed a trileaflet aortic valve. No significant right ventricular outflow tract obstruction early after surgery was recorded. Thus the cause of the late onset neopulmonary valve stenosis is not well understood, although it could be presumed that, over time, negligible mild valvular dysplasia evolved into frank stenosis. It could also be speculated that the increased pulmonary trunk pressure secondary to the supravalvar stenosis may have caused turbulence and shear stress of the valve leaflets, resulting in progressive valvular stenosis. This form of right ventricular outflow tract obstruction had developed only in 3 patients who initially had stenosis of the main pulmonary trunk and right pulmonary branch artery. This was successfully treated initially by percutaneous balloon angioplasty, but later replacement with a jugular bovine valved conduit was deemed necessary. Onset of neopulmonary stenosis: In 19 (10.95%) children, PS developed within the first year after repair, whereas in 12 (6.9%) the lesion developed beyond 1 year after operation. This observation concurs with the suggestion of other investigators that neopulmonary stenosis tends to develop primarily during the first year after repair (12) . In our series, neopulmonary stenosis has been responsible for 58% of reoperations including percutaneous catheter interventions.
Frequency of supravalvular PS and PA branch stenosis after ASO varies largely in the literature, ranging from 3.9% (13) to 41.6% (14), depending on the complexity of the patient population (TGA-VSD, Taussig-Bing anomaly included or not), on the definition of relevant supravalvular PS (>15 mmHg or >50 mmHg), the method of hemodynamic evaluation (echocardiography only or catheter), and on the duration of follow-up. Accordingly, the incidence of surgical reinterventions ranges from 1% (15) to 22% (16) and is higher when catheter interventions are also included and the policy of reintervention was more aggressive [dilatation already at 35 mmHg (17) . Our 23-year follow-up series with 17.8% of patients receiving treatment for PS confirms the general observation that PS is the most frequent complication after ASO (13, 14, 16, 18, 19) . Though reoperation for PS was more frequent early after ASO, its incidence decreased afterward, but persisted at least 10 years after ASO in our series. Our present technique to reconstruct the pulmonary artery and avoid late PS includes previously described principles with some minor modifications. Basically, fresh autologous pericardium fashioned in pantaloon shape is used to fill the gap in the pulmonary root due to the button harvesting of coronary arteries. This pericardium is finely sutured around the edges of the pulmonary root and tailored so as to restore preoperative anatomy. Moreover, the division of the pulmonary artery before the Lecompte maneuver is performed as low as possible, namely, a very few millimeters above the pulmonary valve commissures, so that the suture of the neopulmonary trunk is away from the pulmonary bifurcation. We assume that stenosis of the reconstructed pulmonary artery is usually due to the distortion or retraction of the pericardial patch used to cover the defect left by the coronary artery harvest. Technical refinements, especially the use of larger patch, and percutaneous dilatation have greatly reduced the incidence of severe stenosis and the need for reoperation.
In accordance with the results of other investigators (18), we found that two sites are predisposed to develop PS, i.e. the proximal and distal sites. Supravalvular PS, as depicted in Figure 2a is undoubtedly attributable to the extensive surgery at that specific site. In addition, any suture and material used for covering the excision defects in the neo-pulmonary artery roots has only a very restricted growth potential. Because of the compensating circumferential growth of the vessel wall, the whole diameter normally may increase sufficiently (20) and asymmetrically, because of scarring. Stenosis of the pulmonary branches has been attributed to "inadequate surgery" (20) and unfavorable flow phenomena (21, 22) . Both pulmonary artery banding (24) and the type of patch technique used to correct the defects in the pulmonary artery wall 7 have been suggested as technical factors that can lead to valvular and supravalvular stenosis. In this series, ASO was performed with a fairly standardized technique for repair of the buttons (a generous single pantaloonshaped patch of fresh or glutaraldehydetreated autologous pericardium). Therefore, the technique for RVOT reconstruction appeared in our series to be related to the development of neo-pulmonary stenosis. The influence of varying the number of patches used was assessed because the double-patch HSR Proceedings in Intensive Care and Cardiovascular Anesthesia 2011, Vol. 3 method was used in 6 patients, who all developed pulmonary stenosis. We were able to find a correlation between the use of double-patch technique versus pantaloon patch technique and the development of pulmonary artery stenosis, as in some reports that progression of stenosis is higher in patients undergoing the double-patch technique, because this fills only the defects left by coronary artery explantation, whereas the single pantaloon patch provides additional length and tissue quantity to the proximal neopulmonary root for a complete pulmonary circumferential anastomosis. Pretre et al. (25) suggested that stenosis of the reconstructed pulmonary artery is usually due to distortion or retraction of the pericardial patch used to cover the defect left by the coronary harvest. In our series, we did not find any correlation between age at operation and development of moderate to severe mean transpulmonary gradient, as was also the findings by several investigators (26, 27) . We may only assume that there could have been inadequate growth of the pulmonary artery resulting in flattening of the reconstructed right ventricular outflow tract. Another cause may be the technique employed for PA reconstruction (28) . The tension of the anastomotic site has been implicated as a possible adjunctive factor to inadequate somatic growth at the suture line. Thus far, after a mean follow-up of nearly 15 years, the pulmonary artery seems to withstand the hemodynamic stress of the pulmonary circulation. However, we should still be cautious as distal supravalvular stenosis can still occur over time, although its frequency has decreased because of technical refinements. The ASO technique keeps its promise. The present study showed good left ventricular function in the overwhelming majority of patients.
Limitations
The retrospective nature of this study imposed several inherent limitations. First, these patients were referred from various institutions; thus follow-up echocardiograms were done by various referring cardiologists; hence findings were not uniformly reported and quantification of right ventricle-pulmonary artery gradient may change with the observers and the centers. Second, it would have been better if other parameters such as preoperative and follow-up pulmonary valve annulus and pulmonary artery (previous aorta) diameter had been measured to assess pulmonary growth. Finally, end points and the protocol of the follow-up should have been determined prospectively.
COnClUSIOn
This study indicates that as early as 1 month through a period of 15 years, supravalvular as well as valvular pulmonary stenosis developed after arterial switch operation for transposition of great arteries with intact ventricular septum. It is the most common cause of reintervention. Balloon angioplasty could be the initial treatment of choice owing to the high success rate, without complications. Surgical intervention is offered for recurrent and combined stenosis after intervention or stent implantation, and for patients with pulmonary stenosis with pressure gradients of >60 mmHg. Our data show that pulmonary stenosis is not an uncommon event after neonatal ASO for simple transposition of great arteries . even if a uniform surgical procedure is adopted. Echocardiograms should be done at regular intervals during follow-up. Although we found only a single risk factor for the development of pulmonary stenosis, we should be still cautious and vigilant 
